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The interplay among topology, disorder, and non-Hermiticity can induce some exotic topological
and localization phenomena. Here we investigate this interplay in a two-dimensional non-Hermitian
disordered Chern-insulator model with two typical kinds of non-Hermiticities, the nonreciprocal
hopping and on-site gain-and-loss effects, respectively. The topological phase diagrams are obtained
by numerically calculating two topological invariants in the real space, which are the disorder-
averaged open-bulk Chern number and the generalized Bott index, respectively. We reveal that
the nonreciprocal hopping (the gain-and-loss effect) can enlarge (reduce) the topological regions
and the topological Anderson insulators induced by disorders can exist under both kinds of non-
Hermiticities. Furthermore, we study the localization properties of the system in the topologically
nontrivial and trivial regions by using the inverse participation ratio and the expansion of single
particle density distribution.
I. INTRODUCTION
Topological insulators, as a new class of states of mat-
ter with nontrivial band structures, have witnessed a fast
development in condensed matter physics [1, 2] and tun-
able engineered systems [3–13] in the past years. Topo-
logical insulators are generally characterized by topolog-
ical invariants of extended bulk states and gapless edge
states under open boundary conditions (OBCs). For in-
stance, the two-dimensional (2D) Chern insulators are
topologically characterized by the Chern number and chi-
ral edge states [2]. These topological characters are ro-
bust against certain types of weak disorders as the topo-
logical band gap preserves under these perturbations. For
sufficiently strong disorders, the systems usually become
trivial insulators as the band gaps close and all states are
localized due to the Anderson localization [14]. In con-
trast to this comment wisdom, a counter-intuitive behav-
ior that the disorder can induce non-trivial phase from
trivial phase has been revealed and the disorder-induced
topological phase are known as the topological Ander-
son insulator (TAI) [15]. The TAIs have been theoreti-
cally investigated in various models and systems [15–27],
such as the disordered Su-Schrieffer-Heeger (SSH) chain
[28] and Haldane model [29] of Chern insulators. Re-
cently, the experimental observation of the TAIs in two
engineered systems with tunable disorder and topology
has been reported, i.e., one-dimensional (1D) cold atomic
wires [30] and 2D photonic waveguide arrays [31].
Most studies of topological states focus on Hermitian
systems, however, the recent theoretical and experimen-
tal advances of non-Hermitian physics have inspired the
extension of topological systems to the non-Hermitian
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regime [32–34]. Remarkable, fast-growing effort has been
invested to explore novel topological states and phenom-
ena in non-Hermitian systems [35–81], where the non-
Hermiticites include the non-Hermitian gain and loss
[33, 34, 82], the nonreciprocal hopping [83, 84], and the
dispassion in open systems [85]. It has also been revealed
that non-Hermitian disordered systems have unique lo-
calization properties [46, 83, 84, 86–91]. Moreover, the
interplay of topology and disorder in 1D non-Hermitian
systems is studied [92–97]. The topological phase (tran-
sition) in 1D non-Hermitian quasicrystals has been ex-
plored [94–97]. Notably, the non-Hermitian TAIs induced
by combination of disorder and non-Hermiticity in the
SSH chains consisting of nonreciprocal disordered hop-
pings have been uncovered [92, 93].
In this work, we explore the topological and localiza-
tion propertis in a 2D non-Hermitian disordered Chern-
insulator model, which in the Hermitian limit is a square-
lattice variation of the Haldane model [29]. Two typical
kinds of non-Hermiticities from the nonreciprocal hop-
ping and the Zeeman potential with gain-and-loss ef-
fects are considered in the constructed 2D tight-binding
model. We obtain the topological phase diagrams by
numerically calculating two topological invariants in the
real space, which are the disorder-averaged open-bulk
Chern number and generalized Bott index [96, 98, 99], re-
spectively. In the Hermitian limit, we show that the dis-
order in the system can induce a Chern-insulator phase.
We demonstrate that the nonreciprocal hopping (the
gain-and-loss effect) can enlarge (reduce) the topologi-
cal regions and find that the topological Anderson insu-
lators induced by disorders can both exist under these
two kinds of non-Hermiticities. Moreover, we study the
localization properties of the system in the topologically
nontrivial and trivial regions by using the inverse partic-
ipation ratio and the expansion of single particle density
distribution.
The rest of this paper is organized as follows. We
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2first propose the 2D non-Hermitian disordered Chern-
insulator model with nonreciprocal hopping and on-site
gain-and-loss terms, and then introduce two approaches
of calculating the topological invariants for the non-
Hermitian disordered systems in Sec. II. Section III is
devoted to investigate topological phase diagrams and
discuss the non-Hermtian TAI in the 2D system. We
further study the localization properties of our model in
Sec. IV. A conclusion and discussion are finally presented
in Sec. V.
II. MODEL AND TOPOLOGICAL INVARIANTS
We begin by constructing a 2D non-Hermitian square-
lattice Chern-insulator model, where the non-Hermiticity
arises from the nonreciprocal hopping and the Zeeman
potential with on-site gain-and-loss term. As depicted in
Fig. 1, the tight-binding model reads
H =
∑
x
∑
j=x,y
[c†xTjcx+ej + c
†
x+ejT
†
j e
γcx] +
∑
x
c†xMxcx,
(1)
where c†x = (c
†
x,↑, c
†
x,↓) is a two-component creation oper-
ator creates a particle at the lattice site x = (x, y) with
(pseudo-)spin {↑, ↓}, cx is the corresponding annihilation
operator, Tj = − 12 tjσz − i2νjσj and Mx = (mx + iΓ)σz
with γ and Γ being the non-Hermiticity strengths of
the nonreciprocal intercell hopping and the gain-and-loss
term, ej is the unit vector along the j direction (j = x, y),
and σj are Pauli matrices on the spin basis. The hopping
strengths tx = ty = t = 1 and vx = vy = t = 1 are set
with t = 1 as the energy unit hereafter for convenience.
In this model, we consider the diagonal disorder in the
Zeeman potential mx = m + Wωx, where m is a con-
stant Zeeman strength, ωx denotes independent random
numbers chosen uniformly in the range [−1, 1] with the
disorder strength W .
In the Hermitian and clean limit of γ = Γ = W = 0,
the Hamiltonian in Eq. (1) returns to the square-lattice
model of 2D Chern (quantum Hall) insulators [2], which
is a variation of the Haldane model [29]. In this clean
case, when |m| < 2, the band topology can be char-
acterized by a non-zero Chern number and the system
has chiral edge modes locating at the boundary of the
square lattice under OBC. When |m| > 2, the two en-
ergy bands become trivial with zero Chern number and
the edge modes disappears. Thus, a topological phase
transition between Chern insulators and trivial insula-
tors occurs at |m| = tx + ty = 2.
In the presence of disorder, the translation symmetry
is broken and the wave vector is no longer a good quan-
tum number. In this case, the conventional Chern num-
ber whose formula is defined in terms of Bloch vectors
is inapplicable. In addition, due to the non-Hermitian
skin effect when γ 6= 0 [48–50], the conventional bulk-
boundary correspondence based on Hermitian model may
fail to correctly describe the relation between the number
xT
yT yT e

xT e

xM
i
i− 
FIG. 1. (Color online) Schematic 2D lattice of the non-
Hermitian disordered Chern-insulator model with the site in-
dex x = (x, y). Here Tx,y and Tx,ye
γ denote the nonreciprocal
intercell hopping matrices on the (pseudo-)spin basis {↑, ↓}
along the x, y axis, and Mx denotes the on-site potential with
a disordered Zeeman term mxσz and the gain-and-loss term
iΓσz acting on the (pseudo-)spins.
of chiral edge states and the conventional Chern number.
Here, we use the open-bulk Chern number developed in
Ref. [49] to characterize the topological properties of our
non-Hermitian disordered model, which is calculated in
real space and can recover to the Hermitian (clean) case
[100]. For a disorder configuration denoted by s, the cor-
responding open-bulk Chern number is given by [49]
Cs =
2pii
L′xL′y
Tr′(Ps[[X,Ps], [Y, Ps]]), (2)
where X and Y denote the coordinate operators, Ps is a
valence band projector operator, Tr′ stands for the trace
within the central region of size L′x × L′y with the sys-
tem size Lx × Ly and L′j = Lj − 2lj . Here lj should be
sufficiently large to dissolve finite-size effect. For conve-
nience, we set Lx = Ly = L in our numerical simulations.
In the biorthonormal basis, Ps is calculated under OBCs
Ps =
∑
|nR〉ss〈nL|, (3)
where |nR〉s and |nL〉s represent the n-th right and left
eigenstates obtained from the eigenfunctions Hs |nR〉s =
Es,n |nR〉s and H†s |nL〉s = E∗s,n |nL〉s, respectively. Note
that the eigenstates obey the biorthonormal condition
s〈nL|n′R〉s = δnn′ and Cs converges to an integer when
L → ∞. We define the disorder-averaged open-bulk
Chern number as
C =
1
Ns
Ns∑
s=1
Cs, (4)
where Ns denotes the disorder configuration number and
is set Ns ∈ [100, 300] to make C converging.
We also consider the Bott index as another topologi-
cal invariant [96, 98, 99], which can be calculated in real
space and generalized for non-Hermitian models. The
3(a)
(d)
(b)
(c)
FIG. 2. (Color online) Hermitian case. (a) The Chern number
C and (c) Bott index B as a function of the potential m and
the disorder strength W for a system size L = 16. (b) The
Chern number C and (d) Bott index B as a function of W
for m = 2.2 and various system sizes L. γ = Γ = 0 for all
subfigures.
Bott index measures the commutativity of two unitary
and commuting matrices, and also discriminates pairs
of commuting matrices from those far from commuting.
The Bott index equals to the Chern number in the ther-
modynamic limit. For the s-th disorder configuration,
the generalized Bott index is given by [96, 98, 99]
Bs =
1
2pi
Im
[
Tr
(
lnVsUsV
†
s U
†
s
)]
, (5)
where Us and Vs is the projected position operators and
the matrix elements
Us,mn = s〈mL|e2piiX/L |nR〉s (6)
Vs,mn = s〈mL|e2piiY/L |nR〉s (7)
are defined in the biorthonormal basis for non-Hermitian
systems. The disorder-averaged Bott index is given by
B =
1
Ns
Ns∑
s=1
Bs. (8)
When γ = Γ = 0, the Chern number in Eq. (4) and
the Bott index in Eq. (8) reduce to those in Hermitian
systems with |nR〉s = |nL〉s involved in the calculations.
III. TOPOLOGICAL PHASE DIAGRAMS
We first consider the disorder effect on the topolog-
ical phase of the 2D Hermitian Chern-insulator model
with γ = Γ = 0 in Eq. (1). The obtained topological
phase diagram in Fig. 2(a) shows the disorder-averaged
Chern number C as a function of the potential strength
m and the disorder strength W for L = 16. In the clean
limit W = 0, a topological transition between non-trivial
phase with C = 1 and trivial phase with C = 0 occurs
at m = 2 as excepted. As the disorder strength grows to
a modest region, the topological transition point move
forward larger m and the region of Chern insulators is
enlarged. Remarkably, in the region m ∈ [2, 3], the topo-
logical phase can be induced by moderate disorder from
the trivial phase at the clean case W = 0, which indi-
cates the TAI in this 2D Hermitian system. The consis-
tent topological phase diagram with the TAI is obtained
from the calculated Bott index B, as shown in Fig. 2(c).
Notably, C and B can approach to unit in the TAI re-
gion by increasing the lattice size, with two examples as
a function of W with m = 2.2 shown in Figs. 2(b) and
2(d), respectively.
We now study the effect of the combined disorder and
non-Hermiticity on an initially trivial phase at the clean
and Hermitian case. We consider the first kind of non-
Hermiticity from the nonreciprocal hopping γ with fixed
Γ = 0 and m = 3. In Figs. 3(a) and 3(b), we present the
numerically calculated Chern number C and Bott index
B as a function of γ and disorder strength W , respec-
tively. As shown in the topological phase diagrams, the
non-Hermiticity γ can induce a topological phase tran-
sition from the trivial phase to the topological phase at
the clean case of W = 0 and at modest disorder W . 6.
Thus, the nonreciprocal hopping can enlarge the topolog-
ical region in this 2D system. More interestingly, the 2D
non-Hermitian TAI can be induced by the combination
of disorder and non-Hermiticity [92, 93], as an extension
of the TAI in Hermitian systems [15–27].
To further understand the topological phase dia-
grams in Figs. 3(a) and 3(b), we take a simi-
larity transformation on the non-Hermitian Hamilto-
nian in Eq. (1) with Γ = 0 for a given config-
uration Hs under OBCs H˜s = S
−1HsS, where the
transformation matrix takes the diagonal form S =
diag(1, 1, r, r, r, r, · · · , rL2/2−1, rL2/2−1, rL2/2−1, rL2/2−1,
rL
2/2, rL
2/2) with r =
√
eγ . After the similarity trans-
formation, one has the eigenfunction for a Hermitian
model H˜s |n˜〉s = Es,n |n˜〉s, with the wave function |n˜〉s =
S−1 |nR〉s and the corresponding Hermitian Hamilto-
nian H˜s with parameters t˜j =
√
eγtj , ν˜j =
√
eγνj , and
m˜x = mx. In this case, Hs and H˜s have the same
real energy spectrum Es,n under OBCs, which is con-
firmed in our numerical simulations. By using the Her-
mitian Hamiltonian H˜s, we calculate the corresponding
disorder-averaged Chern number and Bott index as a
function of t˜ (t˜x = t˜y = t˜) and W , as shown in Figs.
3(c) and 3(d). One can find that the topological phase
boundaries of the Hermitian model is consistent with
the original non-Hermitian model under the similarity
transformation. In this non-Hermitian case, the TAIs
4(c)
(b)
(d)
(a)
FIG. 3. (Color online) Non-Hermitian case with nonrecipro-
cal hopping. (a) The Chern number C and (b) Bott index B
as a function of the nonreciprocal parameter γ and the dis-
order strength W for Γ = 0, m = 3 and L = 16. (c) The
Chern number C and (d) Bott index B as a function of W
and t˜ after the similarity transformation of the non-Hermitian
Hamiltonian H with Γ = 0 under OBCs.
(a) (b)
FIG. 4. (Color online) Non-Hermitian case with gain and
loss. (a) The Chern number C and (b) Bott index B as a
function of the non-Hermitian gain-and-loss parameter Γ and
the disorder strength W for γ = 0, m = 2.2 and L = 16.
can be topologically connected to those in the Hermitian
case through the similarity transformation under OBCs.
However, clearly seen from the transformation, the wave
functions (the density distribution) of the bulk states are
accumulated to boundaries, which is the non-Hermitian
skin effect [48–50].
We also consider the non-Hermitian gain and loss in
the model with Γ 6= 0 and γ = 0. In this case, the
energy spectrum is generally complex and there is no
similarity transformation to Hermitian models. We find
that the increasing of the gain-and-loss strength can not
enlarge and generally reduces the topological regions in
the topological phase diagrams. However, the disorder-
induced TAI can preserve for small Γ. Figures. 4(a)
and 4(b) show the calculated C and B as a function of
Γ and W for m = 2.2 and L = 16. In the Hermitian
limit Γ = γ = 0, the TAI exists for modest W . When Γ
(a)
(c) (d)
(b)
(f)(e)
FIG. 5. (Color online) Disorder-averaged IPR of the right
eigenstates for the system size L = 20. (a,b) The Hermitian
limit of the model with γ = 0, Γ = 0 and m = 2.2. (c,d) The
nonreciprocal case of the non-Hermitian model with γ = 0.75,
Γ = 0 and m = 3. (e,f) The gain-and-loss case of the non-
Hermitian model with γ = 0, Γ = 0.25 and m = 2.2. (a,c,e)
Blue dashed lines and blue solid lines denote I¯ as a function of
the disorder strength W under OBCs and PBCs, respectively.
Red dotted line and red dot-dashed line in (a) denote I¯ for
L = 30. (b,d,f) In in the whole energy spectrum as a function
of W .
increases, the TAI preserves under finite non-Hermitian
gain and loss and finally becomes trivial when Γ & 0.5.
Since the nonreciprocal hopping enlarges the topological
region, one can except the TAI exists in the general non-
Hermitian cases with non-vanishing γ and Γ.
IV. LOCALIZATION PROPERTIES
In this section, we consider the localization properties
of the non-Hermitian systems induced by the disorder.
Firstly, we calculate the disorder-averaged inverse par-
ticipation ratio (IPR) [101, 102]. For non-Hermitian sys-
tems, the IPR can be directly defined for the right (left)
eigenstates governed by the system Hamiltonian H (H†)
[46, 89–92, 94–97] or under the biorthogonal basis from
5both right and left eigenstates [58, 91, 93]. The disorder-
averaged IPR of the n-th right eigenstate |nR〉s is defined
as
In =
∑
x |φ(s,n)x |2
(
∑
x |φ(s,n)x |)2
, (9)
where φ
(s,n)
x = s 〈nR| xˆ |nR〉s with xˆ the position opera-
tor of the lattice site x and the overline means average
over many disorder configurations of the index s. Then
the mean IPR I¯ = 1N
∑N
n=1 In with N = 2L
2 is given by
averaging over the whole energy spectrum. The value of
IPR saturates to a finite value for a localized state in this
2D system but scales as L−2 and approaches to zero in
the thermodynamic limit for a delocalized state.
Because In in Eq. (9) measures the eigenstate density
distribution without the non-orthogonality of different
right eigenstates, the IPR can be used to capture the
localization properties of the right eigenstates of the non-
Hermitian Hamiltonian H in Eq. (1) (See examples in
1D non-Hermitian systems in Refs. [46, 89–92, 94–97]).
Furthermore, one can define the biorthogonal IPR (see
Eq. (10)) from both right and left eigenstates to study
the non-Hermitian effect on the localization properties of
non-Hermitian disordered systems [58, 91, 93].
In the Hermitian limit of this model with γ = 0, Γ = 0
and m = 2.2, Fig. 5(a) shows the corresponding I¯ as a
function of W under both OBCs and periodic boundary
conditions (PBCs). The value of I¯ increases with the
enhancement of the disorder strength W , which implies
that the initial extended bulk states are gradually local-
ized by the growing disorder in both boundary conditions
and totally localized in the TAI region. Although I¯s un-
der PBCs are less sensitive to system size L than those
under OBCs, I¯s under these two boundary conditions are
approaching to each other in the large L limit. Ins as a
function of W in the whole energy spectrum under OBCs
are plotted in Fig. 5(b). It is clear that the eigenstates in
the middle of the spectrum show small values of the IPR
and these topologically protected zero-mode eigenstates
are robust to disorder.
For the nonreciprocal case in the non-Hermitian model
with γ = 0.75, Γ = 0, and m = 3, the result of I¯ in Fig.
5(c) indicates that the localization of this non-Hermitian
system is sensitive to the boundary condition. The value
of I¯ under OBCs is nonzero even in the clean limit W = 0
due the non-Hermitian skin effect [48, 95], where most
bulk states prefer to localize to one corner of the 2D lat-
tice (see Fig. 6(d) for an example). Figure 5(d) shows the
results of In in the whole energy spectrum as a function
of the disorder strength W . It is clear that Ins of some
eigenstates are non-zero even in the clean limit W = 0
and are localized. For the non-Hermitian gain-and-loss
case with γ = 0, Γ = 0.25 and m = 2.2 in the model,
the corresponding disorder-averaged IPR in Figs. 5(e,
f) are similar to the Hermitian results in Figs. 5(a, b).
This indicates that the non-Hermitian gain-and-loss just
slightly affect the localization properties of the system
(c)
(a) (b)
(d)
FIG. 6. (Color online) Disorder-averaged biorthogonal IPR
for the system size L = 20. (a,b) The nonreciprocal case of
the non-Hermitian model with γ = 0.75, Γ = 0 and m = 3.
(c,d) The gain-and-loss case of the non-Hermitian model with
γ = 0, Γ = 0.25 and m = 2.2. (a,c) Blue dashed lines and blue
solid lines denote I¯B as a function of the disorder strength W
under OBCs and PBCs, respectively. (b,d) InB in the whole
energy spectrum as a function of W under OBCs.
under OBCs and PBCs.
In order to further understand the influence of the two
kinds of non-Hermiticities on the localization properties,
we calcualte the disorder-averaged biorthogonal IPR de-
fined under biorthogonal eigenstates [58, 91, 93]
InB =
∑
x |φ˜(s,n)x |2
(
∑
x |φ˜(s,n)x |)2
, (10)
where φ˜
(s,n)
x = s 〈nL| xˆ |nR〉s. The mean biorthogonal
IPR is then given by I¯B =
1
N
∑N
n=1 InB with N = 2L
2.
For the nonreciprocal and gain-and-loss cases, we calcu-
late the (mean) biorthogonal IPR with the resutls shown
in Fig. 6. For the nonreciprocal case with γ = 0.75,
Γ = 0, and m = 3 shown in Fig. 6 (a,b), the values
of (mean) biorthogonal IPR under OBCs are small for
weak disorders, which is different from those of the right-
eigenstate (mean) IPR in Fig. 5 (c,d). This is due to
the fact that the biorthogonal density distributions un-
der OBCs do not suffer the skin effects [91, 93]. The right
and left eigenstates under OBCs suffer the non-Hermitian
skin effect, which can be indicated from the similarity
transformations |n˜〉s = S−1 |nR〉s and |n˜〉s = S−1 |nL〉s
with |n˜〉s being the eigenstates of the corresponding Her-
mitian system. The corresponding biorthogonal density
distribution is φ˜
(s,n)
x = s 〈n˜|S−1xˆS |n˜〉s = s 〈n˜| xˆ |n˜〉s,
which is free of the non-Hermitian skin effect. Under
PBCs, due to the absence of non-Hermitian skin effect in
6(b)(a)
(c) (d)
(e) (f)
FIG. 7. (Color online) The averaged density distribution
of the time-evolved state |φ(t = 10)〉 with the initial state
|φ(t = 0)〉 bing a single particle placed at the center cell of
the 2D lattice. The parameters are chosen as: the Hermitian
limit with γ = 0, Γ = 0 and m = 2.2 for (a) W = 2.5 and
(b) W = 0.5, respectively; the nonreciprocal case of the non-
Hermitian model with γ = 0.25, Γ = 0 and m = 3 for (c)
W = 3.2 and (d) W = 1.25, respectively; the gain-and-loss
case of the non-Hermitian model with γ = 0, Γ = 0.25 and
m = 2.2 for (e) W = 2.5 and (f) W = 0.5, respectively. (a,
c, e) and (b, d, f) correspond to topological nontrivial and
trivial regions [see phase diagrams in Figs. 2, 3 and 4].
this case, the biorthogonal IPR in Fig. 6(a) are almost
the same as the IPR of right eigenstates shown in Fig.
5(c). For the non-Hermitian gain-and-loss case, there
is no non-Hermitian skin effect of right and left eigen-
states under both OBCs and PBCs. The corresponding
biorthogonal IPR shown in Fig. 6(c,d) are similar to the
IPR of right eigenstates displayed in Fig. 5(e,f). From
these results, one can find that the IPR of right eigen-
states and the biorthogonal IPR give similar localization
properties in the absence of the non-Hermitian skin ef-
fect induced by the nonreciprocal hopping under OBCs,
while the biorthogonal IPR does not suffer this effect.
To further understand the localization properties in
different topological regions, we also study the expan-
sion of a single particle initialized at the center cell of
the 2D lattice under OBCs [103]. The initial state is
prepared as |φ(t = 0)〉 = 1√
2
(cx′,↑ + cx′,↓) |0〉 with the
system size L = 21 and x′ = ((L+ 1)/2, (L+ 1)/2). The
evolution of the initial state is ruled by the Schro¨dinger
equation i∂t |φ(t)〉 = H |φ(t)〉 and the intensity of the
time-dependent state |φ(t)〉 is normalized explicitly for
the non-Hermitian Hamiltonian H where the evolution
is no longer unitary. Fig. 7 shows the density distribu-
tion of |φ(t = 10)〉 for the Hermitian and two kinds of
non-Hermitian cases, which is averaged over 100 disor-
der realizations. For strong disorders in the topological
nontrivial regions [Figs. 7 (a, c, e)] with localized bulk
states, the propagation of the particle is highly impeded
by the disorder and the density distribution is localized
around the center cell (i.e., the initial position). In con-
trast, the distribution probability of the particle spreads
into the bulk under weak disorders in the topological triv-
ial cases in Figs. 7 (b, d, f). Notably, the distribution
probability of the particle shown in Fig. 7 (d) reveals the
tendency of the expansion into the top right-hand corner
of the 2D lattice due to the non-Hermitian skin effect
[48–50]. The interplay between disorder and nonrecip-
rocal non-Hermiticity can also be observed in the single
particle expansion dynamics. Note that when γ is large
enough, the density probability tends to congregate at
one corner even under strong disorder and the skin effect
rather than the localization is revealed by the density
distribution (not shown here).
V. CONCLUSION AND DISCUSSION
In summary, we have investigated the interplay of
topology and disorder in the 2D disordered Chern-
insulator model with two types of non-Hermiticities from
the nonreciprocal hopping and on-site gain-and-loss ef-
fects. We have calculated the topological phase diagrams
with the open-bulk Chern number and Bott index as two
topological invariants in the real space. Based on the
numerical results, we have revealed that the nonrecipro-
cal hopping can enlarge the topological regions and the
disorder-induced TAI can exist under both kinds of non-
Hermiticities. Moreover, we have studied the localization
properties of the 2D system by calculating the inverse
participation ratio and the expansion evolution of a sin-
gle particle.
The findings in this paper can be applicable to other
2D topological models, such as the Hofstadter model and
the Haldane model with additional disorder and non-
Hermiticities. The three-dimensional TAI [18] may also
be extended to the non-Hermitian cases, where the in-
terplay of the mobility edge and non-Hermitian topol-
ogy may give rise to unknown physics. The interplay
of disorder and topology could be further explored in
non-Hermitian higher-order topological insulators [72–
74], such as in a non-Hermitian 2D SSH model [72]. In
addition, it would be interesting to consider the cases
when the disorder becomes non-Hermitian, which may
lead to the TAI induced by purely non-Hermitian disor-
ders [93]. In the future work, the feasible schemes for
experimental realization and detection of the proposed
non-Hermitian TAI with some artificial systems will be
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